Introduction
Diabetes mellitus is a complex set of metabolic disorders characterized by chronic hyperglycaemia and disturbances of carbohydrate, fat and protein metabolism resulting from defects in insulin secretion, insulin action or both [1] . The long-term, relatively specific complications of diabetes mellitus are predominantly vascular and include the development of retinopathy, nephropathy and neuropathy. People with diabetes also have a significantly increased risk of cardiac, peripheral arterial and cerebrovascular disease.
The major types of diabetes are type 1, type 2 and gestational diabetes, though several other forms of diabetes exist and there appears to be an increasing proportion of atypical presentations of diabetes in some low-and middle-income countries [2] .
The syndrome diabetes mellitus is best discussed in the light of the knowledge of the functions of insulin. In diabetes mellitus, there are Changes in fat and protein metabolism leading to abnormal glucose levels in the blood; these changes were thought to be consequent on abnormal glucose metabolism. It is now well established that insulin is directly involved not only in the synthesis of carbohydrate from glucose but also in the formation of fatty acids, neutral fat, amino acids and protein [3] .
To treat diabetes, therapeutic process includes inhibiting the absorption of glucose by retarding the action of gastro-intestinal enzymes such as α-glucosidase and α-amylase. Complication of diabetes is mainly due to the higher glucose level in blood which dysfunction the other organs of body [4] . α-glucosidase is an enzyme which converts polyasaccharides into monosaccharides and increase the glucose level in blood, therefore the effective α-glucosidase inhibitors may serves as chemotherapeutic agents for clinical use in the treatment of diabetes. In chemotherapy α-glucosidase inhibitors are widely used as chemotherapeutic agents in the clinical treatment of diabetes and obesity.
The idea of using metal ions for the treatment of diabetes reported in 1899. Metal ions play an important role in biological activities. The orally active metal complex containing vanadyl [oxovanadium (iv)] ion and cysteine or other ligands were first proposed in 1990 and a wide class of vanadium, copper and zinc complexes was found to be effective for treating diabetes in experimental animals [5] . Ethylenediamine is an ingredient in the common bronchodilator drug aminophylline, where it serves to solubilize the active ingredient theophylline. [6, 7] . N-(n-Butyl) ethylenediamine is derivative of ethylenediamine, it is a well known chelating ligand for coordination compounds and playing an important role metallotherapy.
In current research article we have synthesized complexes of Co (II), Ni (II), Cu (II) and Zn (II) salts with N-(n-Butyl) ethylenediamine and characterized by IR and UV spectroscopy. Transition metal complexes are interesting due to their capability to cure several metabolic disorders. Synthesized complexes have used for evaluating the α-glucosidase inhibitory effect.
Experimental Details

Synthesis of Complexes
Complexes were prepared by stirring method suggested by Cheng et. al. with slight modification. Metal complexes synthesized from different salts (chloride, sulphate and nitrate) of metals [Co (II), Ni (II), Cu (II) and Zn(II)] and N-(n-Butyl) ethylenediamine as ligand. 2 mM of aqueous solution of metal salt was taken in a beaker and 6 mM solution of ligand was added drop wise with continuous stirring and stirred or three hours. 2-3 ml of ethyl alcohol was added for precipitation. Colored solution was obtained, which was transferred in a petri dish and to remove solvent put in incubator at 45 o C. After 4-5 days colored complex obtained in the form of crystalline solid which was collected in vials and stored in dessicator [8] .
Physical Measurement of Metal Complexes
Infrared (IR) spectra were obtained by the KBr method using a Bruker Alfa-T model Fourier transform (FTIR) spectrometer (Bruker Instrument, Germany).The spectrometer was equipped with a Global IR source, KBr beam splitter, and detector. For each spectrum, 16 scans were obtained with the resolution of 4 cm . The obtained IR spectra were processed by means of the program OPUS 7.0 at Faculty of Science and Environment, MGCGV Chitrakoot, Satna (MP) [9] .
The UV-visible transmittance spectra of the complexes were recorded at 25 o C on a shimadzu UV-VIS 160 spectrophotometer, in quartz cells at the desired wave length region. 3 mM solution of complexes in DMSO was used in all UV -visible measurements at Faculty of Science and Environment, MGCGV Chitrakoot, Satna (MP) [10] .
α-Glucosidase Inhibition
α-glucosidase inhibitory activity was performed by following method of Tripathi et.al. In brief, Ratintestinal acetone powder was dissolved in 100 ml of saline water and sonicated properly at 4°C. After sonication, the suspension was centrifuged (3,000 rpm, 4°C, 30 minutes) and the resulting supernatant was used for the assay. A reaction mixture containing 50 μl of phosphate buffer (50 mM; pH 6.8), 20 μl of rat α-glucosidase and 25 μl of sample of varying concentrations was pre-incubated for 5 min at 37°C, and then 25 μl of 3 mM PNPG was added to the mixture as a substrate. After incubation at 37°C for 30 min, enzymatic activity was quantified by measuring the absorbance at 405 nm in a micro titer plate reader The percentage of enzyme inhibition by the sample was calculated by the following formula:
Percentage of Inhibition = {[(AC -AS)/AC] ×100}
Where, AC is the absorbance of the control and AS is the absorbance of the tested sample. The concentration of an inhibitor required to inhibit 50% of enzyme activity under the mentioned assay conditions is defined as the IC 50 value.
Result and Discussion
All complexes had been synthesized 1:3 metal to ligand stoichiometry. All complexes are well soluble in solvent such as water DMF, DMSO and poorly soluble in solvents such as alcohols.
Infra Red Spectroscopy of Metal Complexes
In order to study the bonding mode of N-(nButyl) ethylenediamine to the metal complexes infrared spectroscopy is a useful technique. Band shifting from higher to lower frequencies tells about the co-ordination of ligand with metal through the nitrogen atom at the amine group [12] . IR spectrum bonded hydroxyl group. Absence of this band in the metal complexes indicates the breaking of the hydrogen bond and co-ordination of oxygen atom to the metal after deprotonation [13] . A high intensity band around 1284 cm -1 in the Schiff base due to the phenolic C-O stretching frequency. C=N azomethine band occurs at 1638 cm -1 in the Schiff base ligand, shifting in bands from higher to lower frequency indicating the co-ordinating of the azomethine nitrogen to the metal ion and co-ordination of the water molecule is indicated by the appearance of a broad band in the 3550-3400 cm -1 [14] . We have taken infrared spectrum of all given complexes under the range 600-4000 cm IR assignments of the complex 1 to 12 are given in table 1 and IR spectrum of the complex 3, 5, 9 and 10 are shown in figure -1, 2, 3 and 4 respectively.
Ultraviolet Spectroscopy of Metal Complexes
The electronic spectra of metal complexes were recorded in 100% DMSO at room temperature. The UV spectra of synthesized transition metal complexes with the ligand show absorption bands around 198-355 nm. The spectra of the free Schiff base exhibit two absorption bands in the regions 252-275 and 305-324 nm. These bands are attributed to π→π* transitions the first band is due to transitions of the benzene ring and second to the imines group. The bands in the region 464-337 nm may be assigned to the n→π* transitions of the azomethine group. In the spectra of this type of complexes, the bands due to the azomethine chromophore are shifted to lower frequencies indicating that the imines nitrogen atom is involved in co-ordination to the metal ion [15] .
The spectra of UV are characteristics of metal. Binding with ligand the transition of metal electron get affected and characteristic band didn't seen in complexes. 
α-Glucosidase Inhibition
In current study metal complexes of different salts (chloride, nitrate and sulphate) of each metal (copper, cobalt, nickel and zinc) with N-(n-Butyl)ethylenediamine have been synthesized to evaluate their anti diabetic activity by α-glucosidase inhibition. α-glucosidase inhibition is an activity by which α-glucosidase enzyme is inhibited. α-glucosidase is a digestive enzyme which converts glycogen into glucose. Glucose can be easily dissolved in blood, thus glucose level increases in blood and causes hyperglycemia. α-glucosidase inhibitors play an important role to maintain the level of glucose in a diabetic patient. Ligands containing phenyl hydroxyl group show inhibitory potential because phenyl hydroxyl group is fundamental for their inhibition activities. Substituent groups present on ligand may influence the hydrogen bond donor capability of the phenyl hydroxyl group. It may also act as hydrogen bond acceptors to appropriate hydrogen bonds donors of protein side chains and causes variations in the inhibitory potential [16] . In α-glucosidase, side chain of Threonine 215 acts as the hydrogen bond acceptor and the side chain hydroxyl group of Serine 244 serves as a hydrogen bond donor [17] . Bond formation between the metal ion and protein side chain is important for inhibition or activation of the enzyme. Metal complexes as α-glucosidase inhibitor can be further stabilized in the active site through hydrogen bonds with catalytic residues and the establishment of hydrophobic contacts in a cooperative fashion [18] .
The Percentage inhibition activity data of α-glucosidase are given in Table -2. Table -4 is describing the IC 50 value of Acarbose and all 12 metal complexes. All complexes are showing α-glucosidase inhibition where complex 1, 2 and complex 6 are most potent inhibitors among all twelve complexes. Complex 2 having lower IC 50 value 1.018 mg/ml with higher percentage inhibition activity while complex 9 having higher IC 50 value 3.409 mg/ml with lower percentage inhibition activity. Figure-9 is representing Percentage inhibition activity of Acarbose and Figure -10 3 have the lowest α-glucosidase inhibition, having highest IC 50 value 3.409 mg/ml. Synthetic α-glucosidase inhibitor may be effective for antidiabetic treatment and other disorders because it is easy to synthesize and also having a great possibility to inhibit α-glucosidase.
